ABSTRACT Thrips-transmitted Iris yellow spot virus (IYSV) (Family Bunyaviridae, Genus Tospovirus) affects onion production in the United States and worldwide. The presence of IYSV in Georgia was conÞrmed in 2003. Two important thrips species that transmit tospoviruses, the onion thrips (Thrips tabaci (Lindeman)) and the tobacco thrips (Frankliniella fusca (Hinds)) are known to infest onion in Georgia. However, T. tabaci is the only conÞrmed vector of IYSV. Experiments were conducted to test the vector status of F. fusca in comparison with T. tabaci. F. fusca and T. tabaci larvae and adults reared on IYSV-infected hosts were tested with antiserum speciÞc to the nonstructural protein of IYSV through an antigen coated plate ELISA. The detection rates for F. fusca larvae and adults were 4.5 and 5.1%, respectively, and for T. tabaci larvae and adults they were 20.0 and 24.0%, respectively, indicating that both F. fusca and T. tabaci can transmit IYSV. Further, transmission efÞciencies of F. fusca and T. tabaci were evaluated by using an indicator host, lisianthus (Eustoma russellianum (Salisbury)). Both F. fusca and T. tabaci transmitted IYSV at 18.3 and 76.6%, respectively. Results conÞrmed that F. fusca also can transmit IYSV but at a lower efÞciency than T. tabaci. To attest if low vector competency of our laboratory-reared F. fusca population affected its IYSV transmission capability, a Tomato spotted wilt virus (Family Bunyaviridae, Genus Tospovirus) transmission experiment was conducted. F. fusca transmitted Tomato spotted wilt virus at a competent rate (90%) suggesting that the transmission efÞciency of a competent thrips vector can widely vary between two closely related viruses.
The tobacco thrips, Frankliniella fusca (Hinds), and the onion thrips, Thrips tabaci (Lindeman) (Thysanoptera: Thripidae), are pests of numerous agricultural and horticultural crops worldwide (Moritz et al. 2004 , Mound 2005 . Both thrips species regularly colonize onion plants in Georgia, but F. fusca is more prevalent than T. tabaci (Sparks et al. 2011) . T. tabaci is known to transmit Iris yellow spot virus (IYSV) to onion (Kritzman et al. 2001 , Gent et al. 2006 ). However, F. fuscaÕs status as a potential vector of IYSV has not been reported.
IYSV can cause severe economic losses to bulb and seed onion crops (du Toit et al. 2004; Gent et al. 2004 Gent et al. , 2006 Pappu et al. 2009 ). IYSV in Georgia was Þrst detected in the Vidalia region in 2003 (Mullis et al. 2004) . IYSV belongs to the family Bunyaviridae that includes a number of animal-infecting virus genera such as Hantavirus, Nairovirus, Phlebovirus, Orthobunyavirus, and a single plant-infecting genus, Tospovirus (Fauquet et al. 2005) . The genus Tospovirus comprises several economically important viruses including Groundnut bud necrosis virus (GBNV), IYSV, Impatiens necrotic spot virus (INSV), and Tomato spotted wilt virus (TSWV) (Fauquet et al. 2005 , Pappu 2008 , Tsompana and Moyer 2008 ). Members of the Tospovirus genus share many structural and molecular characteristics and maintain intricate relationships with their thrips vectors (WhitÞeld et al. 2005 , Tsompana and Moyer 2008 ). Tospovirus vectors have been identiÞed only in the family Thripidae in the order Thysanoptera. There are Ͼ2,000 thrips species in Thripidae; however, only 14 thrips species are known to transmit tospoviruses (Mound 1996 , Mound and Ng 2009 , Riley et al. 2011 . Tospoviruses are transmitted by thrips in a persistent and propagative manner (German et al. 1992; Ullman et al. 1997 Ullman et al. , 2002 WhitÞeld et al. 2005) . TSWV is the most studied species in the genus Tospovirus, and the bulk of the information available on thrips-Tospovirus interactions is based on experiments with TSWV and western ßower thrips, Frankliniella occidentalis (Pergande) (Ullman et al. 2002 , WhitÞeld et al. 2005 .
Tospoviruses are acquired by thrips larvae and are transmitted by larvae and adults after a latent period, whereas tospoviruses acquired by adults are not transmitted (Sakimura 1962 , German et al. 1992 , Ullman et al. 1993 , WhitÞeld et al. 2005 . Thrips that acquire tospoviruses can be classiÞed as either transmitters or nontransmitters. Besides acquisition at the larval stage, the ability to transmit the virus also is dependent upon virus replication in thrips. NSs is a nonstructural protein that is encoded by the S RNA of a Tospovirus during replication. Detection of NSs in thrips is an indication of virus replication. TSWV NSs in F. occidentalis, F. fusca, and Frankliniella bispinosa (Morgan) has been detected by using monoclonal and polyclonal antibodies (Ullman et al. 1993 , Bandla et al. 1994 , Pappu et al. 1998a , Avilla et al. 2006 . High NSs titer was consistently detected in F. occidentalis, F. fusca, and F. bispinosa transmitters, whereas no NSs accumulation was observed in nontransmitters indicating lack of virus replication (Bandla et al. 1994 , Pappu et al. 1998a , Avilla et al. 2006 .
While the IYSV transmission ability of T. tabaci was conÞrmed (Kritzman et al. 2001 , Bag et al. 2009 ), F. fuscaÕs ability to transmit IYSV remains unknown. We conducted two experiments to assess whether F. fusca can transmit IYSV. First, the presence of IYSV NSs in F. fusca and T. tabaci larvae and adults was tested using an antigen coated plate enzyme-linked immunosorbent assay (ACP-ELISA) and IYSV NSs-speciÞc polyclonal antibodies (Bag et al. 2009 ). Second, to attest if F. fusca can transmit IYSV to an IYSV susceptible host, a transmission study was conducted. IYSV transmission efÞciencies of F. fusca and T. tabaci were evaluated by using an indicator host, lisianthus (Eustoma russellianum (Salisbury)) (Kritzman et al. 2000 , Mumford et al. 2008 .
Results indicated that F. fusca also can transmit IYSV, but at a lower efÞciency than T. tabaci. It is possible that different populations or biotypes of the same thrips species can transmit the virus with varying efÞciencies. In addition, it is possible that the same thrips population can transmit different tospoviruses and their isolates with varying efÞciencies (Nagata et al. 2004, Stumpf and Kennedy 2005) . The observed low IYSV transmission efÞciency could have been because of the low vector competency of our laboratoryreared F. fusca population. To assess the vector competency of the laboratory-reared F. fusca population, we conducted a transmission assay using a closely related Tospovirus (TSWV). TSWV is another common Tospovirus species in the southeast, and F. fusca is known to transmit TSWV efÞciently (Sakimura 1963 , Riley and Pappu 2000 ). It is true that the TSWV transmission efÞciency may not be directly related to IYSV transmission efÞciency, but goals of this experiment were to establish that the vector population reared in our laboratory is a competent Tospovirus (TSWV) vector, and to identify differences associated with the transmission of two closely related tospoviruses, if any.
Materials and Methods
Virus-Free Plant Hosts. Onion (Allium cepa (L.)) plants of the cultivar Pegasus (Monsanto Vegetable Seeds, Oxnard, CA) were germinated from seeds and were planted in 20 cm wide and 16 cm tall pots (Hummert International, Earth City, MO) with a potting mix (LT5 Sunshine mix, Sun Gro Horticulture Industries, Bellevue, WA). Onion plants were maintained in the greenhouse in 45 cm 3 thrips-proof cages (Mega View Science Co., Taichung, Taiwan) at 25Ð30ЊC, 80 Ð90% RH, and a 14 h photoperiod. Lisianthus seedlings (Cultivar ABC, Speedling, Blairsville, GA) were replanted in 10 cm wide and 8 cm tall pots using the same potting mix and maintained under the same greenhouse conditions. Germinated peanut (Arachis hypogaea (L.)) seeds of the cultivar Georgia Green were planted individually in 10 cm wide and 8 cm tall pots and maintained as described above.
IYSV-Infected Onion and Lisianthus Plants. Onion plants that exhibited IYSV symptoms were collected from a cull pile in Reidsville, GA, in 2008. Infection status of these plants was veriÞed using double antibody sandwich enzyme-linked immunosorbent assay (DAS-ELISA) (Clark and Adams 1977) . Primary antibody (anti-IYSV IgG) was used at a dilution ratio of 1:200 and the secondary antibody (anti-IYSV IgG conjugated with alkaline phosphatase) was also used at a 1:200 dilution ratio (Agdia, Elkhart, IN). Incubation and washing steps were followed as per the manufacturerÕs instructions. Final absorbance values were measured at 405 nm in a photometer 1 h after substrate addition (model Elx 800, Bio-Tek, Kocherwaldstr, Germany). An average absorbance value of negative checks (healthy onion plants) plus four standard deviations was considered positive. IYSV-infected onion plants were subsequently generated through T. tabaci mediated inoculations and maintained in thrips-proof cages in a separate greenhouse under the above-mentioned conditions. Lisianthus plants inoculated with potentially viruliferous T. tabaci were maintained in thrips-proof cages in the greenhouse with infected onion plants. IYSV infection status in lisianthus plants also was conÞrmed using DAS-ELISA as described above.
TSWV-Infected Peanut Plants. Peanut plants that exhibited TSWV symptoms were collected from peanut Þelds in Tifton, GA, in 2009. TSWV infection status was veriÞed by DAS-ELISA using TSWV speciÞc antibodies at the same dilution rates as described for IYSV (Agdia, Elkhart, IN). TSWV-infected peanut plants were subsequently generated through F. fusca mediated inoculations. TSWV-infected peanut plants were maintained in thrips-proof cages in a separate greenhouse under the same conditions.
Maintenance of Nonviruliferous Thrips. Nonviruliferous F. fusca and T. tabaci were maintained in a growth chamber and in a rearing room, respectively. F. fusca was maintained on green bean (Phaseolus vulgaris (L.)) pods in a growth chamber (Thermo ScientiÞc, Milwaukee, WI) at 24 Ð28ЊC and a 14 h photoperiod. Thrips were enclosed in 15 cm wide and 15 cm tall transparent polypropylene sandwich boxes (Newell Rubbermaid, Atlanta, GA) with snap lids which included 7.5 cm ϫ 7.5 cm mesh windows. Bean pods were replaced as required. Nonviruliferous T. tabaci was maintained on onion plants in a rearing room at 24 Ð28ЊC with a 14 h photoperiod.
Maintenance of Potentially Viruliferous Thrips. Potentially viruliferous F. fusca and T. tabaci were maintained on IYSV-infected lisianthus and onion plants, respectively. IYSV-infected onion plants were maintained by T. tabaci mediated inoculations as described previously. During this process T. tabaci also colonized onion plants and hence it was not possible to use the same plants for F. fusca maintenance. Conversely, though T. tabaci transmitted IYSV to lisianthus it did not survive on lisianthus. Hence, IYSV-infected lisianthus plants were used to maintain potentially viruliferous F. fusca. The host plants with potentially viruliferous thrips were enclosed in thrips-proof cages in separate greenhouses under the previously described conditions. TSWV-infected F. fusca (potentially viruliferous) were maintained on TSWV-infected peanut leaßets in modiÞed Munger cells (Munger 1942 ) in a growth chamber at 24 Ð28ЊC and a 14 h photoperiod.
Detection of IYSV in Larvae and Adults of F. fusca and T. tabaci. ACP-ELISA was used to detect NSs in individual larvae and adults of F. fusca and T. tabaci. A total of 200 second-instar and 234 adult F. fusca and a total of 210 second-instar and 208 adult T. tabaci were tested. Larvae and adults of F. fusca and T. tabaci that were reared on IYSV-infected lisianthus and onion plants, respectively, were individually ground in 50 l of PBS-PVP (phosphate buffered saline-polyvinylpyrrolidone) buffer in 1 ml micro-centrifuge tubes with a sterile pestle and transferred to a 96 well ELISA plate (Nunc Maxisorp, Rochester, NY). Larvae and adults of F. fusca reared on green bean pods were included as negative controls. One leaf tissue sample of noninfected lisianthus and one leaf tissue sample of IYSVinfected lisianthus were included in each microtiter plate as negative and positive controls, respectively. Anti-IYSV NSs PAB was used at a dilution of 1:2,000, and anti-rabbit IgG-conjugate with alkaline phosphatase (Sigma, St. Louis, MO) was used at a dilution of 1:30,000. Incubation, blocking with bovine serum albumin (1%), and washing with 1ϫ PBS Tween were followed as described by Bandla et al. (1994) . Final absorbance values were measured at 405 nm in a photometer 1 h after substrate addition. Average absorbance values of negative controls plus 4 SD was considered as IYSV positive.
Statistical analysis was done to evaluate differences in NSs detection rates between second instars and adults in each thrips species as well as between F. fusca and T. tabaci. NSs detection status was treated as a binomial response (positive or negative), and differences were estimated by logistic regression analysis by using Proc GENMOD with logit link function in SAS 9.2 (SAS Institute 2008).
Whole Plant IYSV Transmission Assay. Lisianthus seedlings (Ͻ10 cm tall) were used for transmission assays. Ten F. fusca second-instars that developed on IYSV-infected lisianthus plants were transferred to virus-free lisianthus plants using a paint brush and enclosed in a Mylar Þlm (GraÞx, Cleveland, PA) cage with a copper mesh top (mesh pore size-170 microns). A total of 10 plants were used for this experiment, and the experiment was repeated Þve more times (n ϭ 60). The same number of lisianthus plants (n ϭ 60) inoculated with 10 nonviruliferous F. fusca larvae (from green bean pods) per plant served as negative controls. Similarly, 10 T. tabaci larvae that developed on IYSV-infected onion plants were transferred to virusfree lisianthus plants. A total of 10 plants were used for this experiment, and the experiment was repeated Þve more times (n ϭ 60). The same number of lisianthus plants (n ϭ 60) inoculated with 10 second-instar nonviruliferous T. tabaci larvae served as negative checks. The inoculated plants were monitored for IYSV symptoms and tested with DAS-ELISA 3 wk postinoculation. Symptomatic lisianthus leaf tissue from the upper one-third shoot portion was selected for ELISA.
Statistical analysis was performed to evaluate differences in IYSV transmission efÞciency between F. fusca and T. tabaci. IYSV infection status was treated as a binomial response (positive or negative), and treatment differences were evaluated by logistic regression analysis by using Proc GENMOD in SAS as previously explained.
Confirmation of IYSV Transmission. To conÞrm IYSV transmission by F. fusca and T. tabaci, a subset of ELISA positive plants (eight F. fusca-inoculated lisianthus plants and Þve T. tabaci-inoculated lisianthus plants) were tested using reverse transcriptase polymerase chain reaction (RT-PCR) with primers speciÞc to the nucleocapsid (N) gene. The forward primer 5ЈATGCAGATGTGGTAATTGAATCTG 3Ј and the reverse primer 5ЈGGTTTAGAAGACTCAC-CAATGTC 3Ј were designed from a conserved region of IYSV N-gene. Total RNA was extracted from ELISA positive plants by using the RNeasy plant mini kit (Qiagen, Valencia, CA) according to the manufacturerÕs instructions. RT-PCR was performed by using a one-step RT-PCR kit (Qiagen). RT-PCR was performed in a total volume of 50 l that included 0.6 M of each forward and reverse primer, 2 l of one-step RT-PCR enzyme mix, and 400 M of each dNTP. Reverse transcription was performed at 50ЊC for 30 min and initial PCR activation was conducted at 95ЊC for 15 min, followed by 35 cycles at 94ЊC for 1 min, 56ЊC for 45 s, and 72ЊC for 1 min, and a Þnal extension step at 72ЊC for 10 min. Electrophoresis of the amplicons was conducted on a 1% agarose gel in 0.5x TAE buffer and visualized with 0.01% ethidium bromide under UV light. In addition, two F. fusca-lisianthus amplicons and one T. tabaci-lisianthus amplicon were puriÞed by using a Qiaquick PCR puriÞcation kit (Qiagen) and directly sequenced. The PCR products were sequenced in both directions at the University of Georgia Sequencing and Synthesis facility (Athens, GA). Pairwise alignments were used to compare the obtained sequences with known IYSV sequences from Georgia in GenBank (Nischwitz et al. 2007a ).
Whole Plant TSWV Transmission Assay. Ten F. fusca larvae of the same laboratory colony that developed on TSWV-infected peanut leaßets were transferred to noninfected lisianthus plants and held in a Mylar Þlm cage as described for IYSV transmission assays. Lisianthus plants also are susceptible to TSWV. A total of 10 plants were used for this experiment, and this experiment was repeated twice more (n ϭ 30). TSWV-infection status was tested using DAS-ELISA as described above 3 wk postinoculation. Five DAS-ELISA positive peanut plants were further tested by RT-PCR using primers speciÞc to the TSWV-N gene (Jain et al. 1998) . Two amplicons were puriÞed, sequenced, and compared with TSWV sequences in GenBank as previously described.
Results

F. fusca and T. tabaci Larvae and Adults as Transmitters of IYSV.
Larvae and adults of F. fusca and T. tabaci tested positive for IYSV NSs. Detection rates of IYSV NSs did not vary between larvae and adults of F. fusca ( 2 ϭ 0.1400; df ϭ 1, 432; P ϭ 0.7086). In addition, no difference in detection rates of IYSV NSs was found between larvae and adults of T. tabaci ( 2 ϭ 0.8100; df ϭ 1, 416; P ϭ 0.3677). However, irrespective of the life stages, IYSV NSs detection rate was higher (up to 5.3 times) in T. tabaci than in F. fusca ( 2 ϭ 57.14; df ϭ 3, 848; P ϭ Ͻ 0.0001) ( Table 1 ). The presence of NSs in larvae and adults of F. Fusca and T. tabaci indicated that they acquired IYSV at the larval stage, and it also conÞrmed IYSV replication in F. fusca and T. tabaci. These results suggested that F. fusca also can potentially transmit IYSV.
Whole Plant Transmission Assays Using F. fusca and T. tabaci. Lisianthus plants exhibited circular sunken spots upon infection with IYSV as early as 1 wk postinoculation; these spots turned necrotic in Ϸ2 wk postinoculation (Fig. 1 (Fig. 2) .
RT-PCR Detection and Sequencing. A subset of DAS-ELISA positive F. fusca and T. tabaci inoculated lisianthus plants were retested by RT-PCR with Ngene speciÞc primers. RT-PCR produced amplicons of the expected size (Ϸ700 bp) from all the ELISA positive plants (Fig. 3) . Direct sequencing of the amplicons yielded partial N-gene sequences of IYSV from F. fusca-inoculated lisianthus plants (GenBank HM 775433 and HM 775434) as well as from a T. tabaciinoculated lisianthus plant (GenBank HM 775432). Pairwise alignments of these sequences with IYSV N-gene sequences from Georgia in GenBank (Nischwitz et al. 2007a) revealed that the nucleotide sequences were 97Ð99% identical. These Þndings conÞrmed that the inoculated plants were infected with IYSV, and both F. fusca and T. tabaci transmitted IYSV.
TSWV Transmission by F. fusca. Typically, TSWV infection in lisianthus produced leaf chlorosis and stunting. Necrotic spots similar to those observed in IYSV-infected plants were also found in a few plants. Transmission of TSWV by F. fusca was tested by DAS-ELISA. Results indicated that F. fusca transmitted TSWV at a rate of 90.0 Ϯ 5.8% (mean Ϯ SE). These results also conÞrmed that the laboratory-reared F. fusca possessed high vector competency.
A subset of ELISA positive lisianthus plants were retested using RT-PCR. RT-PCR yielded amplicons of the desired size (Ϸ800 bp). Direct sequencing of the amplicons yielded complete N-gene nucleotide sequences (GenBank HQ655876 and HQ655877). Pair- b Nonviruliferous second-instars and adults of F. fusca reared on green bean pods were included as negative controls. Average absorbance value of negative checks plus four standard deviations was considered positive. In instances where the threshold value was Ͻ0.1, then absorbance values above 0.1 were considered as positive. Ten micro titer plates were used to complete this exp, the threshold value to identify positive insects was determined for each microtiter plate. Ranges of avg absorbance values along with the standard deviations are provided.
c One noninfected lisianthus leaf tissue sample and one IYSV-infected lisianthus leaf tissue sample were included as positive and negative control, respectively in each microtiter plate. Ranges of avg absorbance values are provided.
wise comparisons of the sequences with complete TSWV N-gene sequences from Georgia in GenBank (Pappu et al. 1998b ) revealed that the nucleotide sequences were 98 Ð99% identical.
Discussion
F. fusca is commonly found on onion and on other hosts in the southeastern United States, and is known to transmit TSWV (Todd et al. 1995 , McPherson et al. 1999 , Riley and Pappu 2000 , DifÞe and Riley 2009 , Sparks et al. 2011 . IYSV is another thrips-transmitted Tospovirus that was recently detected in onion in the southeastern United States (Mullis et al. 2004) . In this study, we evaluated the role of F. fusca as a vector of IYSV in comparison with T. tabaci. Serological assays involving F. fusca larvae and adults and whole plant bioassays indicated that F. fusca can transmit IYSV, albeit at a lower efÞciency when compared with a known IYSV vector, T. tabaci.
Serological assays involving monoclonal and polyclonal antibodies for TSWV and IYSV NSs have been used to test for the presence of NSs in individual thrips and distinguish them as potential transmitters and nontransmitters , Bandla et al. 2004 , Avila et al. 2006 , Bag et al. 2009 ). ELISA testing of individual F. fusca larvae and adults in this study conÞrmed the presence of IYSV NSs in F. fusca, which also suggested that IYSV replication occurred in F. fusca. Detection of IYSV NSs protein in individual F. fusca larvae and adults is an indication that F. fusca can potentially transmit IYSV. The frequency of detection of IYSV NSs in F. fusca larvae and adults was lower than the frequency of detection of IYSV NSs in T. tabaci larvae and adults. However, no difference in IYSV NSs detection frequency was noticed between larvae and adults. Sakimura (1962) showed that adult thrips transmitted TSWV more efÞciently than larvae. A sub- sequent study demonstrated that the majority of F. occidentalis adults (80 Ð 85%) that transmitted TSWV and INSV also did so in their second larval stage. A small percentage of thrips (5%) that transmitted TSWV and INSV as larvae failed to transmit as adults . A recent study revealed that T. tabaci larvae transmitted IYSV as efÞciently as adults (Inoue et al. 2010) . Even though we used F. fusca and T. tabaci larvae for our experiments, the thrips were not removed from the experimental arenas and many of the F. fusca larvae turned into adults approximately at 2 wk postrelease. However, the potentially viruliferous F. fusca larvae inoculated plants showed typical IYSV symptoms as early as 7 d postinoculation and almost no new infections were observed 2 wk postrelease. These results indicate that F. fusca larvae were predominantly involved in IYSV transmission. These Þndings do not preclude transmission by adults, but indicates that almost all adults that transmitted IYSV also transmitted as larvae. Nevertheless, results suggest that F. fusca may not transmit IYSV as efÞciently as T. tabaci. These results should be cautiously interpreted as only one population of F. fusca and T. tabaci, respectively, and one isolate of IYSV were used in our transmission assays. Tospovirus transmission efÞciency is known to vary with thrips species, thrips populations, thrips sex, and virus isolates (Nagata et al. 2004, Stumpf and Kennedy 2005) .
In prior studies, leaf disc bioassays and whole plant bioassays have been widely used to study TSWV and INSV acquisition and transmission processes (Cho et al. 1988 , Bandla et al. 1994 , Wijkamp et al. 1996 . SigniÞcant differences in transmission efÞciencies were observed between leaf disc and whole plant TSWV assays. Thrips-mediated TSWV inoculation to lettuce (Lactuca sativa (L.)) leaf discs resulted in a transmission rate of 81.7%, whereas on whole plants it was only 25.0% (Wijkamp et al. 1996) . It was speculated that the higher TSWV transmission rate in leaf discs may have been brought about by rapid multiplication in leaf discs, and the lower transmission rate in whole plants may be because of lower susceptibility of lettuce plants to TSWV. Cho et al. (1988) showed that F. occidentalis transmitted TSWV to lettuce plants at a low rate (7%) despite a high level of TSWV-infection in individual thrips (Ͼ50%). They also alluded that the reduction in transmission efÞciency may be because of low host plant susceptibility. Plant defense responses may be elevated in whole plants when compared with leaf discs. In addition, it has been shown that Tospovirus distribution may vary within a susceptible plant. This may affect detection efÞciency and subsequently affect evaluation of transmission efÞciency. For instance, TSWV was more readily detected in root tissue than in leaf tissue from peanut plants (Culbreath et al. 2005 , Murakami et al. 2006 , Culbreath and Srinivasan 2011 .
In this study, we tested IYSV transmission efÞciencies of both thrips species using symptomatic leaf tissue on the upper one-third portion of lisianthus plants. In addition, there was a very high degree of congruency between symptom appearance and ELISA detection. Nonsymptomatic plants almost always did not test positive by ELISA. IYSV transmission rates of F. fusca and T. tabaci were 18.3 and 76.6%, respectively. These results indicated that lisianthus plants clearly were susceptible to IYSV. Transmission experiments along with RT-PCR and N-gene sequencing conÞrmed that F. fusca also can transmit IYSV.
To ensure that the laboratory-reared F. fusca population used in this study was vector competent, a transmission assay with TSWV was conducted. F. fusca transmitted TSWV at a high rate (90%) indicating that F. fusca population used in this study had high vector competency. This reiterated that there may be a high degree of speciÞcity involved in transmission of tospoviruses, and the transmission efÞciencies of competent thrips species can vary with the Tospovirus species. Nagata et al. (2004) evaluated transmission of four different tospoviruses by four thrips species that are known to transmit topsoviruses. Their results revealed that the transmission efÞciencies among competent thrips species varied with Tospovirus species also. Transmission efÞciency or vector competency can be inßuenced by rate of virus multiplication in the midgut, virus migration from the midgut to visceral muscle cells and salivary glands, and the vector species and/or the virus isolate (Nagata et al. 2002 (Nagata et al. , 2004 . The low IYSV transmission efÞciency of F. fusca may be because of any or all of the above mentioned factors and remains to be elucidated.
Given that F. fusca can transmit IYSV, additional research is warranted to test whether F. fusca can transmit IYSV to onion plants. If F. fusca is proven to transmit IYSV to onion, it could have serious epidemiological implications to onion production in the Vidalia onion production zone and in other areas of southeastern United States, as F. fusca is often the dominant thrips species on onions than T. tabaci (Sparks et al. 2011) . Though our study indicates that F. fusca may not transmit IYSV as efÞciently as T. tabaci, its ability to survive and reproduce on multiple crops and weeds (Todd et al. 1995 , McPherson et al. 1999 , Riley and Pappu 2000 , DifÞe and Riley 2009 ) can lead to build up of F. fusca populations. The resultant high vector pressure can compensate for the low IYSV transmission efÞciency. IdentiÞcation of new IYSV hosts that also are hosts of F. fusca (Nischwitz et al. 2007b, DifÞe and ) only supports this assumption. Compared with the other well-studied Tospovirus species (TSWV), IYSV is a relatively new virus (Cortes et al. 1998, Mohan and Moyer 2004 ) and vector-virus interactions have not been well-characterized (Bag and Pappu 2009 ). IdentiÞcation of F. fusca as a vector of IYSV will provide more insights into IYSV-thrips interactions. F. fusca has a worldwide distribution (Mound 1996 , Moritz et al. 2004 ) and IYSV also is documented across continents ). This indicates that F. fusca has the potential to induce IYSV epidemics in regions besides the southeastern United States.
